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Background: In order to develop effective preventive strategies, knowledge of trends in socioeconomic and
geographical differences in risk factor levels is important. The objective of this study was to examine social and
spatial patterns of obesity diffusion in a Norwegian population during three decades.
Methods: Data on adults aged 30–69 years from three cross-sectional health surveys eleven years apart in the
Nord-Trøndelag Health Study, Norway, HUNT1 (1984–1986), HUNT2 (1995–1997) and HUNT3 (2006–2008) were utilized.
Body mass index (BMI) was used as a measure of obesity. Height and weight were measured clinically. Age
standardized prevalences, absolute prevalence differences and ratios, prevalence odds ratios for BMI and the Relative
Index of Inequality (RII) were calculated. Multilevel statistical models were fitted for analysing geographical patterns.
Results: The prevalence of obesity was systematically higher in groups with lower socio-economic status and
increased successively in all groups in the population during the three decades. The relative socioeconomic inequalities
in obesity measured by level of education did not change substantially in the period. In HUNT1 (1984–86) obesity was
most prevalent among low educated women (14.1%) and in HUNT3 (2006–08) among low educated men (30.4%). The
RII for men changed from 2.60 to 1.91 and 2.36 in HUNT1, HUNT2 and HUNT3. In women the RIIs were 1.71, 2.28 and
2.30 correspondingly. However, the absolute obesity prevalence inequalities increased, and a geographical diffusion
from central to distal districts was observed from HUNT2 to HUNT3.
Conclusions: The prevalence of obesity increased in all socioeconomic groups in this Norwegian adult county
population from the 1980ies up to present time. The data did not suggest increasing relative inequalities, but
increasing absolute socioeconomic differences and a geographical diffusion towards rural districts. Public health
preventive strategies should be oriented to counteract the obesity epidemic in the population.Background
The prevalence of obesity is known to increase not only
in industrialized countries [1,2], but also in developing
countries, when traditional living conditions are changed
by influence from developed economies [3-5]. Although
economic and social development can improve health, it
can also lead to increasing obesity and widening socio-
economic disparities in obesity [6]. Numerous studies* Correspondence: steinar.krokstad@ntnu.no
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reproduction in any medium, provided the orhave addressed socioeconomic inequalities in obesity, and
suggested that persons with high socioeconomic status
(SES) tend to weigh more than others in poor countries
whereas an opposite pattern is found in rich countries [7].
Thus, the mechanisms behind this development are prob-
ably related to changes in health related behaviour associ-
ated with social and economic development [8].
In a review article from 2005, Ball and Crawford stud-
ied the relationship of SES to weight change over time
in several developed countries, reporting relatively con-
sistent inverse associations between occupational status
and weight gain in men and women. Using education as
the SES indicator the evidence was slightly less consist-
ent, and when income was used as the SES indicatorl Ltd. This is an open access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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pleted a cross-national comparison of time trends in
overweight inequality by SES among women using re-
peated cross-sectional surveys from 37 developing coun-
tries in the time period from 1989 to 2007. In two out of
three studies, higher SES was associated with higher
gains in overweight prevalence, in one third of the
countries lower SES was associated with higher gains in
overweight prevalence. They also observed that increas-
ing wealth was positively related to faster increase in
overweight [10].
In a study of American adults, Zhang and Wang found
that the association between SES and obesity weakened
over three decades, during a time when the prevalence
of obesity increased dramatically [11]. In Europe,
Charafeddine et al. found a large increase in socioeco-
nomic inequalities in obesity in men but not in women
between 1997 and 2004 in Belgium using interview data
[12]. Peltonen et al. reported that during the years 1986
to 1994 Body Mass Index (BMI) increased, most mark-
edly in men with university and in women with a sec-
ondary school education in the Northern Sweden
MONICA Study [13]. Eek and Östergren found increas-
ing socioeconomic inequalities in obesity among young
women from 2000 to 2005 in Sweden [14]. In Germany
the obesity prevalence increased only moderately be-
tween 1990–1992 and 1998, opposing a small reduction
in the social gradient in obesity [15].
Distribution and changes in prevalence of obesity in
populations may have several explanations. Within pop-
ulations obesity is suggested to spread in social networks
[16]. Unhealthy nutrition and physical inactivity might
follow diffusion patterns consistent with the spreading of
innovations [17] or other health related behaviours [18]
like smoking [19]. In the first stage of a behavioural
diffusion, the new habit is most prevalent in higher
socio-economic groups, for example due to economic
privileges, pleasure or fashion. In stage two, the habit be-
comes more prevalent in all socio-economic groups.
Rates among women also rise but lags behind that of
men. In the third stage, women reach their peak while
prevalence rates start to decline among men - especially
in groups with high socioeconomic status. In stage four
prevalence rates continues to fall, but at the same time
socio-economic inequalities increase [20-23]. The pat-
tern of socioeconomic inequalities in smoking in Europe
might mirror such trends, with a steep inverse gradient be-
tween education and smoking in affluent North-European
countries like Norway and still an opposite gradient in less
affluent South-European countries like Portugal lagging
behind in socioeconomic development [20].
A geographical perspective on the trends in obesity
prevalence might thus be a valuable supplement to the
analyses regarding social diffusion [6,24]. The prevalenceof obesity might follow a geographical dimension [17,18],
starting in affluent areas – ending up highly prevalent in
more deprived rural areas [25]. If this causes geographical
differences in obesity, it will be due to contextual mecha-
nisms, caused by characteristics of the place. In addition,
compositional effects may play a role for example by se-
lective depopulation of people with high socio-economic
status in deprived areas [26].
In order to develop effective preventive strategies,
knowledge of trends in socioeconomic and geographical
differences in risk factor levels is important. Studies fol-
lowing trends over decades in a population with high
quality data are also of great interest. Thus, the aims of
this study was to examine trends in socioeconomic in-
equalities in obesity stratified by gender, and to study
geographical diffusion patterns in a total Norwegian
county population over three decades, from the Nord-
Trøndelag Health Study (HUNT) in 1984–86 (HUNT1),
through 1995-97 (HUNT2) to 2006–08 (HUNT3).
Methods
The HUNT Study is a Norwegian population-based gen-
eral health study consisting of three separate total adult
population surveys, HUNT1 in 1984–86, HUNT2 in
1995–97 and HUNT3 in 2006–08 [27]. Every citizen res-
iding in the county of Nord-Trøndelag aged 20 years
and above (86,404 in HUNT1; 93,898 in HUNT2 and
93,860 in HUNT3) were invited to participate in the
HUNT Study. Overall response rate for the three sur-
veys ranged from 89% (HUNT1) to 54% (HUNT3). Data
were collected from questionnaires, blood and urine
samples and clinical measurements. To maintain com-
parability across all three surveys, we limited our ana-
lyses to respondents aged 30 through 69 years who had
complete data on level of education and BMI. We ex-
cluded 18.7% (n = 9664) from HUNT1 (mainly due to
missing on self-reported level of education), 1.6% (n =
705) from HUNT2 and 1.1% (n = 435) from HUNT3. The
final three study surveys consisted of 42,162 participants
in HUNT1, 44,695 in HUNT2 and 40,615 in HUNT3.
Obesity, body mass index
Height and weight were measured with the participants
without shoes wearing light clothes [2]. Height was mea-
sured to the nearest centimetre (cm) and weight to the
nearest half kilogram (kg). Body Mass Index (BMI) was
calculated as body weight in kilograms divided by the
squared value of body height in meters (kg/m2). According
to WHO classifications obesity was defined as ≥30 kg/m2.
Extreme obesity was defined as BMI ≥ 35 kg/m2.
Education as measure of socioeconomic status
Education was used as a proxy measure of socioeco-
nomic status, measured as the highest level of education
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on level of education was used. For HUNT2 (1995–
1997) and HUNT3 (2006–2008), we had access to cen-
sus data from Statistics Norway, resulting in a more
complete response rate. The Norwegian Standard Classi-
fication of Education was coded by highest completed
educational programme attained, and was allocated to
the most widely used classification, International Stand-
ard Classification of Education (ISECD-97) [28]. In
HUNT2 data on highest achieved education was based
on the 1995 census, and in HUNT3 on the 2007 census.
The seven levels of ISECD-97 were collapsed into three
main levels: primary (primary and lower secondary
school), secondary (upper secondary and post-secondary
school), and tertiary (first and second stage of tertiary
education). The general level of education increased con-
siderably in the study period. In the 1980’ies 14% and 9%
of men and women had college or university education,
compared to 24% and 31% in 2006–08 (Table 1).
Geographical dimensions
Nord-Trøndelag County is located in the middle of
Norway at latitude of 64 degrees north, and was divided
into 24 administrative municipalities. The county is
mostly rural and sparsely populated; the largest of six
small towns has a population of 21,000, the most
sparsely populated municipality has a population of 600.
Several indicators might be used to capture the two es-
sential dimensions ranging the municipalities in the
county, a centrality dimension, and a socio-economic di-
mension based on mean level of education, income, em-
ployment and population stability [26]. In this study we
analysed data utilizing a Norwegian Centrality Index
from Statistics Norway [29] (Figure 1). Centrality is here
defined as the geographical localisation of the municipal-
ity in relation to densely populated areas with services
like educational institutions, transport nodes, govern-
ment and other organisational offices etc.
Statistical analyses
Most analyses were stratified by gender. Age standardised
percentages of obesity were calculated using 5 years ageTable 1 Distribution of the material in three educational leve
and HUNT3)
HUNT1 (1984-86) HUN
Men Women Men
Education level Number (%) Number (%) Num
Tertiary 2830 14 1840 9 3914
Secondary 6544 31 5828 27 13064
Primary 11489 55 13632 64 4399
Total classified population 20863 100 21300 100 21377
Men and women 30–69 years old.groups, the standard population being women and men
30–69 years old as of January 1999 in the Nord-Trøndelag
County. To describe differences in prevalence rates of
obesity and extreme obesity between the highest and the
lowest level of education, both relative and absolute mea-
sures were used. Relative differences were calculated by
dividing the prevalence rate of obesity in the higher edu-
cated group with that of the lower one, absolute differ-
ences were calculated by subtracting the prevalence rate
of obesity in the higher educated group from that of the
lower one.
Relative differences in prevalence rates of obesity
(prevalence odds ratios) with 95% confidence intervals
were estimated by logistic regression analyses with cor-
rection for differences in age structure by including 5-
year age groups in the regression model. Highest level of
education was always used as reference category. The
effect of education on prevalence of obesity was
summarised using the Relative Index of Inequality (RII)
[30]. RII is recommended when making comparisons
over time or across populations [20]. RII transforms
level of education, a categorical variable, into a sum-
mary measure scaled from zero (top level education)
to one (lowest level education) which is weighted
to reflect the share of the sample at each level of
education.
Absolute and relative differences between central and
distal municipalities were calculated between education
groups. In order to study associations between centrality
and obesity while simultaneously accounting for socio-
demographic composition in the municipalities, multi-
level statistical models were fitted [31]. Specifically, a
two-level binary logistic model based on a logit-link
function with Penalized Quasi Likelihood (PQL) ap-
proximation and a second-order Taylor Linearization
Procedure were used. Models were fitted with the
MLwiN programme version 2.26 [32] and fixed effects
are reported as Odds Ratios (OR) with 95% confidence
intervals (95% CI).
The data were otherwise analysed using the Statistical
Package for the Social Sciences (SPSS), version 15.0 for
Windows (SPSS Inc., Chicago, IL).ls in The Nord-Trøndelag Health Study (HUNT1, HUNT2
T2 (1995-97) HUNT3 (2006-08)
Women Men Women
ber (%) Number (%) Number (%) Number (%)
18 4389 19 4099 24 6276 31
61 13339 57 10320 60 10086 50
21 5590 24 2878 17 3929 19
100 23318 100 17297 101 20291 100
Figure 1 The Norwegian Centrality Index 2008 applied on the 24 municipalities in the Nord-Trøndelag County, Norway. Level 0
corresponds to central municipalities, level 3 municipalities are the most distal. (No municipality was at level 2). An international airport located in
Stjørdal and the larger town of Trondheim located south of the county, were two aspects influencing the index.
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The participation in the HUNT Study was voluntary and
based on informed consent. The Norwegian Data In-
spectorate approved the HUNT Study. The Regional
Committee for Ethics in Medical Research in Mid
Norway and the Norwegian Directorate of Health ap-
proved this research project and the HUNT2 and
HUNT3 surveys. The Regional Committee for Ethics
was not yet established when the HUNT1 survey was
performed.
Results
The age adjusted prevalences of obesity and extreme
obesity increased successively in all educational groups
during the study period. In HUNT1 obesity and extreme
obesity was most prevalent among women. In HUNT3,
obesity was approximately equally prevalent among men
and women (Table 2) whereas extreme obesity still was
most prevalent among women. The obesity prevalence
ranged from 5.0% in men with high education inHUNT1 to 30.4% in men with low education in
HUNT3. A corresponding pattern was not found for
BMI above 35; the highest prevalence was found among
women with low education in all three surveys reaching
10.3% in HUNT3. The relative inequalities for obesity
measured as prevalence ratios were fairly stable in
HUNT1, HUNT2 and HUNT3, ranging from 1.6 to 1.9.
For extreme obesity the data suggested a reduction in
the prevalence ratio from HUNT1 to HUNT2 and a new
increase from HUNT2 to HUNT3. The prevalence dif-
ferences in obesity between people with primary and ter-
tiary education increased from 4.5% and 6.2% among
men and women in HUNT1, to 14.0% and 10.6% in
HUNT3.
The relative inequalities estimated with logistic regres-
sion and by applying the Relative Index of Inequality
(adjusting for changes in the size of educational groups),
suggest a slight reduction in the relative socioeconomic
inequalities in obesity among women from HUNT1 to
HUNT3 (Table 3).
Table 2 Age adjusted prevalencea, prevalence differences and prevalence ratio in educational inequalities in
BMI ≥30 kg/m2 and BMI ≥35 kg/m2
HUNT1 (1984-86) HUNT2 (1995-97) HUNT3 (2006-08)
Prev. (%) Prev. diff. (%) Prev. ratio Prev. (%) Prev. diff. (%) Prev. ratio Prev. (%) Prev. diff. (%) Prev. ratio
BMI ≥30 kg/m2
Men
Primary 9.5 4.5 1.9 19.0 7.5 1.7 30.4 14.0 1.9
Secondary 7.0 2.0 1.4 15.4 3.9 1.3 24.1 7.7 1.5
Tertiary 5.0 Ref. Ref. 11.5 Ref. Ref. 16.4 Ref. Ref.
Women
Primary 14.1 6.2 1.8 21.1 9.2 1.8 27.7 10.6 1.6
Secondary 10.3 2.4 1.3 17.7 5.8 1.5 24.3 7.2 1.4
Tertiary 7.9 Ref. Ref. 11.9 Ref. Ref. 17.1 Ref. Ref.
BMI ≥35 kg/m2
Men
Primary 1.3 0.9 3.3 2.9 1.4 1.9 7.1 5.1 3.6
Secondary 0.6 0.2 1.5 2.2 0.7 1.5 4.2 2.2 2.1
Tertiary 0.4 Ref. Ref. 1.5 Ref. Ref. 2.0 Ref. Ref.
Women
Primary 4.0 2.5 2.7 6.1 3.0 2.0 10.3 5.7 2.2
Secondary 2.4 0.9 1.6 4.5 1.4 1.5 7.2 2.6 1.6
Tertiary 1.5 Ref. Ref. 3.1 Ref. Ref. 4.6 Ref. Ref.
Men and women 30–69 years old in The Nord-Trøndelag Health Study.
aDirect adjustment for age using five years age groups, the standard population being men and women 30–69 years old as of 1. January 1999 in The Nord-
Trøndelag Health Study.
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age adjusted prevalence of obesity in the 24 municipalities
in the county in HUNT1 (1984–86), HUNT2 (1995–97)
and HUNT3 (2006–08), and suggests a diffusion of obes-
ity from central to distal and more rural districts in theTable 3 Prevalence odds ratio (pOR)a and relative index of in
educational level
Men
HUNT1 HUNT2 HUNT3
(n=20863) (n=21377) (n=17297)
pOR 95% CI pOR 95% CI pOR 95%
BMI ≥ 30 kg/m²
Primary 2.13 (1.75-2.61) 1.71 (1.51-1.94) 1.99 (1.77
Secondary 1.53 (1.24-1.89) 1.39 (1.25-1.55) 1.53 (1.39
Tertiary Ref. Ref. Ref.
RII 2.60 (2.08-3.26) 1.91 (1.64-2.22) 2.36 (2.05
BMI ≥ 35 kg/m²
Primary 3.22 (1.72-6.02) 1.72 (1.24-2.34) 3.15 (2.42
Secondary 1.33 (0.67-2.62) 1.45 (1.09-1.92) 2.06 (1.63
Tertiary Ref. Ref. Ref.
RII 6.94 (3.41-14.15) 1.87 (1.28-2.74) 3.94 (2.90
Men and women 30–69 years old in HUNT1 (1984–1986), HUNT2 (1995–1997) and
aAge adjusted pOR and RII by 5-years age groups.period between HUNT2 (1995–97) and HUNT3 (2006–
08). Figure 2a and 2b also presents bar charts with age
stratified obesity prevalence from each decade. The charts
show that the prevalence of obesity has increased relatively
more in younger compared to older adults over time.equality (RII)a in BMI ≥ 30 kg/m2 and BMI ≥ 35 kg/m2 by
Women
HUNT1 HUNT2 HUNT3
(n=21300) (n=23318) (n=20291)
CI pOR 95% CI pOR 95% CI pOR 95% CI
-2.23) 2.27 (1.83-2.82) 2.04 (1.81-2.30) 1.85 (1.68-2.04)
-1.67) 1.54 (1.23-1.94) 1.64 (1.47-1.82) 1.53 (1.41-1.66)
Ref. Ref. Ref.
-2.71) 2.71 (2.20-3.34) 2.28 (1.97-2.62) 2.30 (2.03-2.62)
-4.11) 3.33 (2.06-5.37) 2.05 (1.64-2.55) 2.32 (1.97-2.74)
-2.60) 1.89 (1.14-3.17) 1.57 (1.28-1.92) 1.59 (1.38-1.83)
Ref. Ref. Ref.
-5.37) 4.21 (2.78-6.38) 3.44 (2.70-4.38) 3.08 (2.48-3.82)
HUNT3 (2006–2008).
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Figure 2 Age adjusted obesity prevalence (BMI ≥ 30) in 24 municipalities in the Nord-Trøndelag County Norway, (a) men and (b)
women in HUNT1 (1984–86), HUNT2 (1995–97) and HUNT3 (2006–08). The bar charts present age stratified prevalence in obesity in the total
material for each survey.
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sion from Figure 2, demonstrating a prevalence ratio be-
tween central and distal municipalities increasing from
1.05 to 1.30 and corresponding prevalence differences
increasing from 1.69% in HUNT1 to 6.47% in HUNT3.
However, the trend was opposite to that in the preceding
decade.
The geographical pattern might, however, be explained
by lower education levels in rural districts and effects ofselective mobility patterns. Thus, adjustment for educa-
tion at individual level was made. Table 5 shows the
relative differences in obesity between central, inter-
mediate and distal municipalities adjusted for gender,
age and education. Adjustment for education attenuated
the estimates for the distal municipalities slightly. Data
from the most distally located municipalities showed a
significant increased relative prevalence of obesity in the
last survey compared to previous surveys.
Table 4 Age adjusted prevalencea, prevalence difference and prevalence ratio in BMI ≥30 kg/m2 in 24 municipalities
ranged by the Norwegian Centrality Index
HUNT1 (1985–97) HUNT2 (1995–97) HUNT3 (2006–08)
Centrality
index
Prevalence (%) Prevalence
diff. (%)
Prevalence
ratio
Prevalence (%) Prevalence
diff. (%)
Prevalence
ratio
Prevalence (%) Prevalence
diff. (%)
Prevalence
ratio
Central 10.22 Ref. Ref. 16.36 Ref. Ref. 21.69 Ref. Ref.
Intermediate 10.91 0.69 1.17 16.77 0.41 1.03 23.18 1.49 1.07
Distal 11.91 1.69 1.17 17.22 0.86 1.05 28.16 6.47 1.30
Men and women 30–69 years old in The Nord-Trøndelag Health Study (HUNT).
aDirect adjustment for age using five years age groups, the standard population being men and women 30–69 years old as of 1 January 1999 in The Nord-
Trøndelag Health Study.
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The prevalence of obesity increased successively in all
socioeconomic groups in this Norwegian adult popula-
tion aged 30 to 69 years old during the study period. In
HUNT1 (1984–86) obesity (BMI ≥ 30) was most com-
mon among low-educated women (14.1%) and in
HUNT3 (2006–08) among low-educated men (30.4%).
Relative socioeconomic inequalities in obesity measured
by level of education did not show a clear trend. How-
ever, the absolute inequalities increased. A geographical
diffusion from central to distal districts was observed
during the last decade, only partly explained by inequal-
ities in educational levels between central and distal
areas.
This unique large population based material with
standardised clinical measurements of height and
weight, allows for monitoring trends in health related
behaviour and subsequent consequences from the
1980ies up to present time. The missing data on educa-
tion in HUNT1 was due to inclusion of the question of
education in a second questionnaire that participants
should return by mail after the health examination. We
did not have any other available socio-economic mea-
surements on the excluded group. However, individuals
excluded due to missing information on education had
quite similar characteristics regarding BMI, sex and em-
ployment; mean BMI 25,2 kg/m2 vs. 25,4 kg/m2, propor-
tion of men was 51% vs. 49% and the proportion being
employed was 83% vs. 82%. These data did not indicateTable 5 Relative prevalence differences of obesity (BMI ≥30 k
Centrality Index
HUNT1
Model 1a Model 2b Model
Centrality Index OR (95% CI) OR (95% CI) OR (95
Central 1 ref. 1 ref. 1
Intermediate 1.20 (1.02-1.42) 1.20 (1.02-1.41) 1.05 (0.8
Distal 1.24 (1.02-1.50) 1.20 (0.99-1.45) 1.10 (0.8
Men and women 30–69 years old in The Nord-Trøndelag Health Study (HUNT).
Adjusted for age, sex (model 1) and education (model 2), two level analysis.
aAdjusted for age and sex.
bModel 1 + education.any serious selection bias by SES. As the attendance de-
clined over time, a comprehensive non-attendance study
in HUNT3 was conducted. Among non-participants the
prevalences of diabetes mellitus and chronic disorders
were higher compared to that reported by participants,
whilst the opposite pattern was found for symptoms and
illnesses. Registry data demonstrated that the non-
participants had lower socioeconomic status and higher
mortality than participants [33]. Thus, there is reason to
believe that among non-participants there were more
people with low socioeconomic status and more people
with obesity compared to participants. This non-
response pattern has probably been present in the previ-
ous surveys as well. However, the participation declined
over time, and this may have led to underestimation of
the socioeconomic differences in obesity in HUNT3
compared to HUNT1. The number of participants in the
smallest municipalities gave some unstable estimates,
but the geographical diffusion trend was convincing.
We used education as an indicator of socioeconomic
status. Different indicators of socioeconomic status may
be differently associated with obesity. The ideal would
have been to have access to both occupation and income
in addition to education as a measure of SES [9].
Based on local knowledge, the National Centrality
Index developed by Statistics Norway may not reflect
the counties’ geography in an optimal way (Figure 1).
This may have attenuated the geographical differences
somewhat compared to what might have been showng/m2) in municipalities ranged by the Norwegian
HUNT2 HUNT3
1a Model 2b Model 1a Model 2b
% CI) OR (95% CI) OR (95% CI) OR (95% CI)
ref 1 ref. 1 ref. 1 ref.
5-1.29) 1.05 (0.86-1.28) 1.14 (0.93-1.38) 1.14 (0.95-1.36)
7-1.38) 1.06 (0.84-1.32) 1.40 (1.13-1.75) 1.34 (1.10-1.65)
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decided to use the national index rather than to develop
a local variant. The municipalities varied considerably in
population size. Thus, an alternative approach for ana-
lyses of geographical diffusion would be to use smaller,
more equal areas like neighbourhoods.
We observed an increasing prevalence of obesity in all
socioeconomic groups in this Norwegian population
during the last three decades. This may indicate a diffu-
sion of obesity in stage two and three according to diffu-
sion theory, where the behavior associated with obesity
still is increasing in all groups but already has become
more prevalent in lower socio-economic groups [17].
However, obesity is probably the result of interplay be-
tween several types of behavioural patterns, which to-
gether lead to an imbalance between energy intake and
consumption. How well the theory of diffusion of inno-
vations is suited to describe such trends, is an un-
answered question.
The observed secular trend, with increase in obesity
across all socioeconomic groups and geographical loca-
tions, might also suggest a more common contextual in-
fluence than individual modifying factors. If the theory
of social diffusion is applicable, we might in the years to
come expect that the increasing prevalence of obesity
will first culminate in the highest socioeconomic groups,
thus increasing the socioeconomic inequalities, if proper
health policy interventions are not undertaken. The abil-
ity to cope with negative effects from an environment
offering unlimited quantities of cheap high-energy food
and low incentives to everyday physical activity, will
probably be highest among people with high socioeco-
nomic status. People in this group probably know more
about the benefits of physical activity and healthy diet,
they have as a group better behavioural skills, a higher
level of motivation caused by better life prospects and
easier access to healthy food [9]. This means that the ne-
cessary preventive initiatives to avoid increasing obesity
and attached health problems should be design to influ-
ence the total population but with highest impact on
lower socioeconomic groups.
The observed gender pattern might also partly be in
line with diffusion theory. Men may have been the first
to develop obesity in this population in the period before
the data was collected. However, women had the highest
prevalence of obesity (BMI ≥ 30) in HUNT1, men the
highest in HUNT3 [2]. If future development follows the
theory, we might in the years to come expect that preva-
lence rates first start to culminate among men in groups
with high socioeconomic status. However, gender equal-
ity in modern societies may influence gender patterns of
health-related behavior.
The observed diffusion of obesity from central to distal
regions between HUNT2 and HUNT3 is in line with thediffusion theory. Although we observed a weak reverse
trend in the first decade, the relatively high prevalence
of obesity in the most distal municipalities in the last
cross-sectional survey was marked. Geographical diffu-
sion progresses both horizontally, for instance from
neighbour to neighbour areas, and vertically from urban
to rural districts [17]. The geographical diffusion pattern
might be a result of different socio-cultural living condi-
tions in urban and rural areas. However, as people in
densely populated areas live closer together, the social
pressure towards looking slim and joining leisure time
physical activities might be higher. The offer of orga-
nized sports activities is higher and the travel distances
shorter in more centralised areas, thus paradoxically
making the car less necessary than in the rural districts,
allowing walking or bicycling instead. But other pro-
cesses might also explain the geographical patterns, like
restructuring of society and migration [34]. Comprehen-
sive analyses of these factors were outside the scope of
this paper. However, controlling for education in the
analyses of geographical variations shown in Table 5,
may have adjusted the effects of emigration of well-
educated people from municipalities with economic
stagnation. The social pattern and geographical diffusion
of obesity demonstrated in this study are in any case im-
portant for public health surveillance and preventive
strategies.
The obesity epidemic might be explained by trends in
every day physical activity and dietary factors. Men with
low socioeconomic status are more likely to have physic-
ally demanding occupations compared to men with high
socioeconomic status. The proportion of workers
employed in physically demanding activities is decreas-
ing [35]. But leisure physical activity is reported to in-
crease in the last decade, more pronounced in high
socioeconomic groups [36] and in central living areas.
Giskes et al. examined socioeconomic inequalities in
dietary factors associated with obesity among adults in
Europe, demonstrating that the direction of associations
between socioeconomic status and energy intake was in-
consistent. However, lower socioeconomic groups are
probably less likely to consume fruits and vegetables
[37]. In another paper from the HUNT Study Nilsen
et al. found that higher levels of parents’ and particularly
mothers’ education, was associated with healthier dietary
habits among adolescents [38].
Associations between socioeconomic status and obes-
ity are consistent in developed economies. However, as-
sociations between health related behaviours and obesity
are often inconsistent. This might first of all reflect diffi-
culties in assessing physical activity and dietary factors.
Nevertheless, our data underscore a view of obesity as a
social phenomenon, for which appropriate action in-
cludes targeting social, cultural and economic factors
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and the socioeconomic and geographical inequalities in
obesity are huge challenges.
Conclusions
The prevalence of obesity increased in all socioeconomic
groups in this Norwegian adult county population from
the 1980ies up to present time. The data did not suggest
increasing relative inequalities, but increasing absolute
socioeconomic differences and a geographical diffusion
towards rural districts. Public health preventive strat-
egies should be oriented to counteract the obesity epi-
demic in the population, with particular emphasis on
counteracting the high prevalence in lower socioeco-
nomic groups and in rural districts.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
SK have made substantial contributions to conception and design,
acquisition of data, interpretation of data, have led drafting of the
manuscript, revising it critically for important intellectual content and given
final approval of the version to be published. LE, ERS and HT have made
substantial contributions to conception and design, analysis and
interpretation of data, revising the manuscript critically for important
intellectual content and given final approval of the version to be published.
JHB and SW have made substantial contributions to conception and design,
have been involved in drafting the manuscript and revising it critically for
important intellectual content, and given final approval of the version to be
published. AL, KM, TLH and JH have made substantial contributions to
conception and design, acquisition of data, revising the manuscript critically
for important intellectual content and given final approval of the version to
be published.
Acknowledgements
The Nord-Trøndelag Health Study (The HUNT Study) is a collaboration
between the HUNT Research Centre (Faculty of Medicine, Norwegian
University of Science and Technology NTNU), Nord-Trøndelag County
Council, Central Norway Regional Health Authority and The Norwegian
Institute of Public Health.
Author details
1HUNT Research Centre, Department of Public Health and General Practice,
Faculty of Medicine, Norwegian University of Science and Technology,
Levanger, Norway. 2Levanger Hospital, Nord-Trøndelag Health Trust,
Levanger, Norway. 3Faculty of Nursing Education, Sør-Trøndelag University
College, Trondheim, Norway. 4Department of Public Health and General
Practice, Faculty of Medicine, Norwegian University of Science and
Technology, Trondheim, Norway. 5Statistics Norway, Oslo, Norway.
Received: 8 April 2013 Accepted: 24 September 2013
Published: 19 October 2013
References
1. Drøyvold WB, Nilsen TI, Krüger Ø, Holmen TL, Krokstad S, Midthjell K,
Holmen J: Change in height, weight and body mass index: longitudinal
data from the HUNT study in Norway. Int J Obes (Lond) 2006, 30:935–939.
2. Midthjell K, Lee CMY, Langhammer A, Krokstad S, Holmen TL, Hveem K,
Colagiuri S, Holmen J: Trends in overweight and obesity over 22 years in
a large adult population. The HUNT Study, Norway. Clinical Obesity 2013,
3:12–20.
3. Finucane MM, Stevens GA, Cowan MJ, Danaei G, Lin JK, Paciorek CJ, Singh
GM, Gutierrez HR, Lu Y, Bahalim AN, Farzadfar F, Riley LM, Ezzati M:
National, regional, and global trends in body-mass index since 1980:
systematic analysis of health examination surveys and epidemiologicalstudies with 960 country-years and 9.1 million participants. Lancet 2011,
377:557–567.
4. Low S, Chin MC, Deurenberg-Yap M: Review on epidemic of obesity. Ann
Acad Med Singapore 2009, 38:57–59.
5. Hossain P, Kawar B, El Nahas M: Obesity and diabetes in the developing
world–a growing challenge. N Engl J Med 2007, 356:213–215.
6. Pampel FC, Denney JT, Krueger PM: Obesity, SES, and economic
development: a test of the reversal hypothesis. Soc Sci Med 2012,
74:1073–1081.
7. McLaren L: Socioeconomic status and obesity. Epidemiol Rev 2007,
29:29–48.
8. Rose G: Sick individuals and sick populations. Int J Epidemiol 2001,
30:427–432.
9. Ball K, Crawford D: Socioeconomic status and weight change in adults: a
review. Soc Sci Med 2005, 60:1987–2010.
10. Jones-Smith JC, Gordon-Larsen P, Siddiqi A, Popkin BM: Cross-national
comparisons of time trends in overweight inequality by socioeconomic
status among women using repeated cross-sectional surveys from 37
developing countries, 1989–2007. Am J Epidemiol 2011, 173:667–675.
11. Zhang Q, Wang Y: Trends in the association between obesity and
socioeconomic status in U.S. adults: 1971 to 2000. Obes Res 2004,
12:1622–1632.
12. Charafeddine R, Van Oyen H, Demarest S: Trends in social inequalities in
obesity: Belgium, 1997 to 2004. Prev Med 2009, 48:54–58.
13. Peltonen M, Huhtasaari F, Stegmayr B, Lundberg V, Asplund K: Secular
trends in social patterning of cardiovascular risk factor levels in Sweden.
The Northern Sweden MONICA Study 1986–1994. Multinational
monitoring of trends and determinants in cardiovascular disease. J Intern
Med 1998, 244:1–9.
14. Eek F, Östergren PO: Factors associated with BMI change over five years
in a Swedish adult population. Results from the Scania Public Health
Cohort Study. Scand J Public Health 2009, 37:532–544.
15. Icks A, Moebus S, Feuersenger A, Haastert B, Jockel KH, Mielck A, Giani G:
Widening of a social gradient in obesity risk? German national health
surveys 1990 and 1998. Eur J Epidemiol 2007, 22:685–690.
16. Christakis NA, Fowler JH: The spread of obesity in a large social network
over 32 years. N Engl J Med 2007, 357:370–379.
17. Rogers EM: Diffusion of innovations. New York: The Free Press; 2003.
18. Aase A, Almås R: The diffusion of cardiovascular disease in the
Norwegian farming community: a combination of morbidity and
mortality data. Soc Sci Med 1989, 29:1027–1033.
19. Lopez AD, Collishaw NE, Piha T: A descriptive model of cigarette epidemic
in developed countries. Tob Control 1994, 3:242–247.
20. Cavelaars AE, Kunst AE, Geurts JJ, Crialesi R, Grotvedt L, Helmert U, Lahelma
E, Lundberg O, Matheson J, Mielck A, Rasmussen NK, Regidor E, do Rosàrio-
Giraldes M, Spuhler T, Mackenbach J: Educational differences in smoking:
international comparison. BMJ 2000, 320:1102–1107.
21. Huisman M, Kunst AE, Bopp M, Borgan JK, Borrell C, Costa G, Deboosere P,
Gadeyne S, Glickman M, Marinacci C, Minder C, Regidor E, Valkonen T,
Mackenbach JP: Educational inequalities in cause-specific mortality in
middle-aged and older men and women in eight Western European
populations. Lancet 2005, 365:493–500.
22. Pampel FC: Cigarette diffusion and sex differences in smoking. J Health
Soc Behav 2001, 42:388–404.
23. Pampel FC: Diffusion, cohort change, and social patterns of smoking.
Soc Sci Res 2005, 34:117–139.
24. Cutchin MP: The need for the “new health geography” in epidemiologic
studies of environment and health. Health Place 2007, 13:725–742.
25. Idris BI, Giskes K, Borrell C, Benach J, Costa G, Federico B, Helakorpi S,
Helmert U, Lahelma E, Moussa KM, Ostergren PO, Prättälä R, Rasmussen NK,
Mackenbach JP, Kunst AE: Higher smoking prevalence in urban compared
to non-urban areas: time trends in six European countries. Health Place
2007, 13:702–712.
26. Krokstad S, Magnus P, Skrondal A, Westin S: The importance of social
characteristics of communities for the medically based disability
pension. Eur J Publ Health 2004, 14:406–412.
27. Krokstad S, Langhammer A, Hveem K, Holmen T, Midthjell K, Stene T, Bratberg G,
Heggland J, Holmen J: Cohort Profile: The HUNT Study, Norway. Int J Epidemiol
2012, 42:968–77.
28. OECD: Handbook for internationally comparative education statistics: concepts,
standards, definitions and classifications. Paris: OECD Publishing; 2004.
Krokstad et al. BMC Public Health 2013, 13:973 Page 10 of 10
http://www.biomedcentral.com/1471-2458/13/97329. Statistics Norway: [http://www3.ssb.no/stabas/ClassificationFrames.asp?
ID=919597&Language=en]
30. Wagstaff A, Paci P, van Doorslaer E: On the measurement of inequalities in
health. Soc Sci Med 1991, 33:545–557.
31. Subramanian SV, Jones K, Duncan C: Multilevel methods for public health
research. In Neighborhoods and health. Edited by Kawachi I, Berkman LF.
Oxford: Oxford University Press Inc; 2003.
32. Rasbash J, Charlton C, Browne WJ, Healy M, Camron B: MLwinN Version 2.1.
Bristol: Centre for Multilevel Modelling, University of Bristol; 2009.
33. Langhammer A, Krokstad S, Romundstad P, Heggland J, Holmen J: The
HUNT study: participation is associated with survival and depends on
socioeconomic status, diseases and symptoms. BMC Med Res Methodol
2012, 12:143.
34. Diez-Roux AV: Estimating neighborhood health effects: the challenges of
causal inference in a complex world. Soc Sci Med 2004, 58:1953–1960.
35. Caban-Martinez AJ, Lee DJ, Fleming LE, LeBlanc WG, Arheart KL, Chung-
Bridges K, Christ SL, McCollister KE, Pitman T: Leisure-time physical activity
levels of the US workforce. Prev Med 2007, 44:432–436.
36. Droomers M, Schrijvers CT, van de Mheen H, Mackenbach JP: Educational
differences in leisure-time physical inactivity: a descriptive and
explanatory study. Soc Sci Med 1998, 47:1665–1676.
37. Giskes K, Avendano M, Brug J, Kunst AE: A systematic review of studies on
socioeconomic inequalities in dietary intakes associated with weight
gain and overweight/obesity conducted among European adults. Obes
Rev 2009, 11:413–429.
38. Nilsen SM, Krokstad S, Holmen TL, Westin S: Adolescents’ health-related
dietary patterns by parental socio-economic position, The Nord-
Trøndelag Health Study (HUNT). Eur J Public Health 2010, 20:299–305.
doi:10.1186/1471-2458-13-973
Cite this article as: Krokstad et al.: Social and spatial patterns of obesity
diffusion over three decades in a Norwegian county population: the
HUNT Study. BMC Public Health 2013 13:973.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
